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Program 
 
 Monday, May 4, 2015 
INTRODUCTION 
8:30 a.m.   Keck Center 
 
Chair: Christophe Sotin 
 
8:30 a.m. Sotin C. * 
Introductory Remarks 
 
8:45 a.m. Stevenson D. J. * 
Earth, Venus and Planetary Diversity [#5028] 
To what extent are planets diverse in internal structure and behavior even when their outward 
characteristics (e.g., mass and radius) are similar? I will argue that diversity is expected and that Earth 
and Venus differences illustrate this. 
 
9:30 a.m. Elkins-Tanton L. T. * 
Planetary Evolution:  The Hypothesized, the Suspected, and the Unknown [#5029] 
The mass of the planet and its bulk composition, along with its proximity to its star, control its 
tectonics and geodynamics. These characteristics are set upon accretion, though evolution takes the 
planet through several branch points. 
 
10:15 a.m. BREAK 
 
10:30 a.m. Brown M. * 
Early Earth [#5023] 
Earth has continents, subduction and mobile lid plate tectonics, but details of the early evolution are 
poorly understood. Here I summarize the Hadean-Archean record, review evidence for a hotter Earth 
and consider geodynamic models for early Earth. 
 
11:15 a.m. Smrekar S. E. * 
Overview and Observational Constraints on Venus’ Geodynamics and Tectonics [#5018] 
Today Venus is a single plate, uninhabitable planet. Why doesn’t it have plate tectonics? Did it ever 
have plate tectonics or a more mobile lid? This paper reviews what is known about Venus’ tectonics 
and geodynamics, as well as what is debated. 
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 Monday, May 4, 2015 
VOLCANISM AND CRUSTAL FORMATION 
1:30 p.m.   Keck Center 
 
Chair: Laurent Montesi 
 
1:30 p.m. Gilmore M. S. * 
Observational Constraints on Venus Surface Composition and Geologic History [#5025] 
Overview of observations of the geochemistry and mineralogy of the Venus surface with an emphasize 
on implications for tessera terrain. 
 
2:00 p.m. Herrick R. R. * 
Major Constraints on the Geodynamic State of Venus and Compatible Internal Conditions [#5030] 
I summarize the major observations that constrain the geologic history of Venus, present end-member 
models, and describe implications for the planet’s internal state. 
 
2:15 p.m. Weeraratne D. S. *   Fleck J.   Rains C.   Brand D. 
Thermo-Chemical Plumes Generated by Core Formation Processes in Venus and Earth 
Interior Differentiation [#5022] 
We study thermo-chemical plumes generated during core formation using liquid gallium in fluid 
experiments. These plumes produce magmatic events which can form Venus highlands and pretectonic 
proto-continents on Earth which lack high crater density. 
 
2:30 p.m. Mouginis-Mark P. J. * 
Detection from Space of Active Volcanism on Earth and, Potentially, on Venus and 
Rocky Exoplanets [#5004] 
Volcanic eruptions (lava flows, lava lakes, and explosive activity) on Earth have been monitored from 
space for >3 decades. Such observations are extrapolated to understand how volcanic activity on 
Venus and rocky exoplanets may be detected. 
 
3:00 p.m. BREAK 
 
3:15 p.m. Harris L. B. *   Bédard J. H. 
Linked Plume-Related Rifting and Regional Lateral Displacements and Indentation Tectonics on 
Venus Interpreted from Bouguer Gravity and Radar — Implications for an Archean Earth Without 
Plate Tectonics [#5010] 
Rifts and regional shears on Venus are interpreted from Bouguer gravity and radar. Structures 
resemble Archean terrains on Earth. Mantle flow on deep keels to plana (Venus) or cratons (Earth) 
provides an alternative to plate tectonics in the Archean. 
 
3:45 p.m. Stamps D. S. *   Bangerth W.   Hager B. 
Topside Driven 3D Convection Model of the East African Rift System with Comparison to Observed 
Rift-Parallel Surface Motions [#5019] 
We test the hypothesis of basal shear driven tectonics where rift-parallel surface motions are observed 
in an active rift of the East African Rift System using a new 3D regional geodynamic model based on 
the code ASPECT. 
 
4:00 p.m. VanTongeren J. A. *   Herzberg C.   Kaus B. J. P.   Johnson T. E.   Brown M. 
Sink or Swim?  The Role of Intracrustal Differentiation in the Generation of Compositional Diversity 
and Crustal Delamination in the Archean [#5024] 
We will test various scenarios for accretion and differentiation of the Archean primary crust using a 
combination of thermodynamic and geodynamic modeling. 
 
LPI Contribution No. 1839x
 Monday, May 4, 2015 
POSTER SESSION:  POSTERS 
4:30 p.m.   Keck Courtyard 
 
Szurgot M. 
Core Mass Fraction and Mean Atomic Weight of Terrestrial Planets, Moon, and Protoplanet Vesta [#5001] 
Core mass fraction and mean atomic weight of inner planets, moon, and protoplanet Vesta were determined using 
new relationships. 
 
Brand D. B.   Weeraratne D. S. W. 
A Study of Liquid Iron Settling and Descent During Planetary Core Formation [#5015] 
To simultaneously meet geochemical constraints for rapid core formation and siderophile trace element distribution 
throughout planetary mantles, we present results from physical fluid models of settling liquid iron droplets through 
silicate melts. 
 
James P. B.   Phillips R. J. 
Remnants of Massive Melting Events in the Venusian Mantle [#5032] 
The origins of Venus’s crustal plateaus have been conflictingly attributed to downwellings and melting associated 
with upwellings. We demonstrate that the gravity and topography from Magellan are generally consistent with the 
latter scenario. 
 
Martone A. A.   Montési L. G. J. 
Rift Stability and Localization in Devana Chasma, Venus [#5026] 
The rift zone of Devana Chasma greatly resembles Earth’s rift zones, especially the East African Rift, despite the 
lack of global plate tectonics. The stability of rifts on Venus will be characterized, and will include lithosphere 
weakening processes. 
 
Piskorz D.   Elkins-Tanton L. T.   Smrekar S. E. 
Using Lessons from Earth to Constrain Corona Formation on Venus [#5005] 
We compare chasmata on Venus to the East African Rift system on Earth and demonstrate that a mantle plume 
associated with a rift can create off-rift coronae at Parga Chasma on Venus. 
 
Smrekar S. E.   Davaille A. 
Possible Plume-Initiated Subduction on Venus:  Results from Laboratory Experiments and 
Corona Examples [#5033] 
We propose that possible subduction zones on Venus are initiated via plume activity based on the formation of 
analogous features in the laboratory. We assess gravity and topography and radar image data for agreement with 
this model. 
 
Harris L. B.   Bédard J. H. 
Indentation and Lateral Escape in Western Ishtar Terra, Venus — An Analog for Deformation of the Archean 
Abitibi Subprovince, Superior Craton, Canada Without Plate Tectonics [#5011] 
Radar about Lakshmi Planum, Venus, shows regional transcurrent shear zones, folds and thrusts formed by 
indentation and lateral escape. The Archean Abitibi subprovince Canada shows identical structures suggesting a 
similar, non-plate tectonic origin. 
 
Pilchin A. 
Comparing the Tectonic Conditions on Venus with Tectonic Conditions of Early Archean Earth [#5003] 
Tectonic conditions on Earth and Venus are analyzed and compared. It is shown that plate tectonics was not 
operational on Earth in the Early Archean, and Earth kind of plate tectonics is not possible in the future on Venus, 
Mars and Moon. 
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Buczkowski D. L.   Wyrick D. Y. 
The Tectonics of Small Worlds [#5031] 
Understanding small world tectonics may help us predict small rocky exoplanet geodynamics. Vesta has an 
intermediate style of tectonic deformation, with impact-formed fractures (asteroidal), but also large graben and 
magmatic structures (planetary). 
 
Johnston S.   Duncan M.   Weller M.   Wicks J.   Knezek N.   Black B.   Hongsresawat S.   Towles N.   Thissen C.   
Schmerr N.   Panning M.   Montési L.   Manga M.   Lognonné P. 
Constraining Thermal History Through a Multidisciplinary Approach [#5035] 
A multidisciplinary approach can provide valuable constraints on and information about the thermal evolution of a 
planetary body.  We present our multidisciplinary model as a means to unravel the thermal history of other 
planetary bodies. 
 
Elder C. M.   Tackley P. J.   Showman A. P. 
Heat Loss Through Volcanism on Io [#5014] 
Simulations that self-consistently solve the two-phase flow equations including mantle convection and magma 
generation, migration by porous flow, and eruption show that Io is losing the majority of its internal heat through 
volcanic eruptions. 
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 Tuesday, May 5, 2015 
PLANETARY STRUCTURE 
8:30 a.m.   Keck Center 
 
Chair: Bob Grimm 
 
8:30 a.m. Levison H. * 
Formation of Terrestrial Planets by Pebble Accretion 
 
9:00 a.m. O’Rourke J. G. *   Korenaga J. 
Constraints on the Geodynamical History of Venus from Argon Degassing and the 
Cratering Record [#5007] 
Thermal evolution models of Venus featuring continuous evolution in the stagnant-lid regime possibly 
satisfy all available constraints, including the present-day atmospheric mass of radiogenic argon and 
the statistical properties of impact craters. 
 
9:15 a.m. Lee K. K. M. *   Daviau K. 
Sinking Deep in to a Carbon-Rich Planet:  Using Experiments to Constrain 
Planetary Interiors [#5013] 
Recent detection of C-rich exoplanet atmospheres and the possibility of C-rich interiors, lends itself to 
the discussion of what a C-rich interior might look like and how it behaves. We use new experiments 
on SiC at high P/T for new constraints. 
 
9:45 a.m. Shim S.-H. *   Nisr C.   Chen H.   Ko B.   Pagano M. D.   Desch S.   Young P. A. 
Un-Earth-Like Interiors of Earth-Like Exoplanets [#5020] 
We will discuss mineralogy models for the interiors of the Earth-like exoplanets, focusing on the effect 
of compositional variations. 
 
10:00 a.m. BREAK 
 
10:15 a.m. Bercovici D. * 
Origin of Plate Tectonics by Grain-Damage:  Hysteresis and Plate-Like States [#5009] 
Grain-damage theory provides a physical framework to explain the conditions for generating plate 
tectonics on rocky planets. I present new work exploring grain-damage hysteresis which predicts when 
plate-like states on planets can exist. 
 
10:45 a.m. Montesi L. G. J. * 
Mechanisms of Shear Zone Localization on Modern Earth, Early Earth, and Venus [#5017] 
Early Earth is hot inside:  no mantle shear zone. Venus is hot near the surface: no crustal shear zones. 
Modern earth has shear zones everywhere. 
 
11:00 a.m. Skemer P. *   Linckens J.   Bruijn R. H. C. 
The Initiation and Persistence of Localized Deformation at Plate Boundaries by 
Microstructural Damage [#5002] 
We describe a series of rock deformation experiments that seek to reproduce geological observations 
of damage in high temperature mantle shear zones. 
 
11:15 a.m. Hansen L. N. * 
New Insight into Mantle Rheology from Laboratory Experiments:  Grain-Boundary Sliding and 
Viscous Anisotropy [#5021] 
Strain-dependent rheologies are rarely incorporated into geodynamic simulations. Recent laboratory 
results yield strain-dependent models for grain-boundary sliding and viscous anisotropy, both of which 
lead to large-scale strain localization. 
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 Tuesday, May 5, 2015 
PLANETARY EVOLUTION 
1:15 p.m.   Keck Center 
 
Chair: David Stevenson 
 
1:15 p.m. Spohn T. * 
Planetary Evolution and Life: Astrobiology from a Planetary Tectonics Perspective [#5027] 
We discuss possible interrelations between planetary evolution and habitability. We propose that life 
and planetary evolution are linked through feedback cycles that include continental growth and erosion 
and the water budget of the mantle. 
 
1:45 p.m. Sim S. *   Stegman D. R.   Coltice N. 
Ocean Depth Through Deep Time [#5034] 
The basic relationship between plate tectonics and ocean basins is explored through deep time, using 
both recent plate reconstruction models until the cretaceous and numerical models of 3D spherical 
mantle convection during early Earth. 
 
2:00 p.m. Wordsworth R. * 
Atmospheric Feedback on Tectonic Style 
 
2:30 p.m. BREAK 
 
2:45 p.m. Breuer D. *   Stamekovic V. 
Scaling Laws and the Problem of the Prediction of Tection Modes [#5036] 
The existence of plate tectonics in large exoplanets is controversial discussed and differences in the 
findings can be explained by considering the scaling parameters used, the yield stress scalings, and 
initial conditions assumed. 
 
3:15 p.m. Wong T. *   Solomatov V. S. 
Timing of Plate Tectonics Initiation on a One-Plate Planet:  Insights from Numerical Simulations of 
Time-Dependent Convection [#5016] 
Plate tectonics initiation may be favored under certain conditions, yet due to the chaotic nature of time-
dependent convection the timing of initiation could be different for the same planetary conditions 
depending on initial conditions. 
 
3:30 p.m. Davaille A. *   Di Giuseppe E.   Mittlesteadt E.   Renoult M.-C.   Doumenc F.   Pauchard L. 
On the Diversity of Convective Regimes in a “Soft” Planet: Insights from 
Laboratory Experiments [#5037] 
Whether a planet presents Plate Tectonics or Stagnant Lid convection depends on the rheology of its 
interior. New laboratory experiments using colloidal dispersions (i.e. brittle to ductile behavior) show a 
large diversity of convective regimes. 
 
4:00 p.m. Tackley P. * 
Thermo-Chemical-Tectonic Evolution of Terrestrial Planets:  The Key Influence of Magmatism 
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 Wednesday, May 6, 2015 
THE PATH FORWARD 
8:30 a.m.   Keck Center 
 
Chair: Christophe Sotin 
 
8:30 a.m. Glaze L. S. * 
Venus Exploration Priorities for Understanding Tectonic and Geodynamic Evolution [#5006] 
Geodynamic science objectives figure prominently in the VEXAG goals and objectives, as well as the 
roadmap, for Venus exploration. Although some measurements can be made from orbit, many 
challenges remain for long-term observations from the surface. 
 
9:00 a.m. Mimoun D. * 
Venus Seismology:  The Path Forward 
 
9:30 a.m. Grimm R. E. * 
Balloon-Borne Electromagnetic Measurement of the Lithospheric Thickness of Venus [#5012] 
The lithosphere controls the planetary geodynamic style. EM energy from lightning can be sensed 
globally and responds to the temperature structure of the lithosphere. This measurement can be 
performed from any altitude below the ionosphere. 
 
9:45 a.m. Ghail R. C. *   EnVision Team 
Obtaining Calibrated, Directly Comparable SAR from Venus and Earth [#5008] 
Discusses NovaSAR-S (Earth orbit) and its derivative VenSAR (Venus orbit), the data types generated, 
and the benefits of calibrated directly comparable data to understanding similarities and differences in 
Venus and Earth tectonics and geodynamics. 
 
10:00 a.m. BREAK 
 
10:15 a.m. Moresi L. * 
Challenges Ahead for Earth Modelling [#5038] 
There are a number of challenges ahead as we attempt to develop more effective models of the solid 
planets.Some require better numerical forward models but many require us to encapsulate our 
uncertainty about parameters and the models themselves. 
 
10:45 a.m. Tinetti G. * 
Future Plans for Characterizing Rocky Exoplanets 
 
11:15 a.m. Smrekar S. * 
Concluding Discussion 
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